































• 𝑥%", 𝑥'", … , 𝑥)":	p covariates	(e.g.	age,	male,	…)
• Want	to	fit	the	model
• 𝑦" = 𝛽, + 𝛽%𝑥%" + 𝛽'𝑥"' + ⋯+ 𝛽)𝑥)" + 𝜀"
• Estimate	the	regression	coefficients




• For	a	linear	regression	model,	the	residual	for	the	𝑖-th observation	is𝑟" = 𝑦" − 𝑦3"
• where	𝑦3" is	the	predicted	value	given	by𝑦3" = 𝛽0, + 𝛽0%𝑥%" + 𝛽0'𝑥"' + ⋯+ 𝛽0)𝑥)"
• Lots	of	useful	diagnostics are	based	on	residuals
Linearity	of	functional	form










































































































































































































































































































































































































𝑌 = 𝛽, + 𝛽%𝑋 + 𝜀
𝑌 = 𝛽, + 𝛽%𝑋 + 𝛽'𝑋' + 𝜀
Homogeneity


























































































































































































































































































































































































































































































































































































































































































Dataset 1 Dataset 2
















y = 3.00 + 0.500x y = 3.00 + 0.500x






• Get	estimates	of	𝛽0, C" , 𝛽0% C" , 𝛽0' −𝑖 , … , 𝛽0) C"































Patient T0 T1 T2 T0	– T1 T0	– T2 T1	– T2
1 30 27 20 3 10 7
2 35 30 28 5 7 2
3 25 30 20 −5 5 10
4 15 15 12 0 3 3
5 9 12 7 −3 2 5
Variance 17.0 10.3 10.3
Mauchly's test
• A	popular	test	(but	criticized	due	to	power	and	robustness)





















































































































































































































































































































































































































































































Schoenfeld Individual Test p: 0.8769
Global Schoenfeld Test p: 0.416
• Simple	Cox	model	fitted	to	the	North	
Central	Cancer	Treatment	Group	lung	
cancer	data	set*
• If	proportionality	is	valid,	then	we	should	
not	see	any	association	between	the	
residuals	and	time
• Can	formally	test	the	correlation	for	each	
covariate
• Can	also	formally	test	the	“global”	
proportionality
*Loprinzi CL	et	al.	Journal	of	Clinical	Oncology.	12(3)	:601-7,	1994.
Conclusions
• Residuals	are	incredibly	powerful	for	diagnosing	issues	in	regression	
models
• If	a	model	doesn’t	satisfy	the	required	assumptions,	don’t	expect	
subsequent	inferences	to	be	correct
• Assumptions	can	usually	be	assessed	using	methods	other	than	(or	in	
combination	with)	residuals
• Always	report	in	manuscript
• What	diagnostics	were	used,	even	if	they	are	absent	from	the	Results	section
• Any	corrections	or	adjustments	made	as	a	result	of	diagnostics
Slides	available	(shortly)	
from:	www.glhickey.com
Thanks	for	listening
Any	questions?
Statistical	Primer	article	
to	be	published	soon!
